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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a magnetic recording medium which has high thermal 
stability of recording bits, high record resolution and small medium noise and which is suitable for 
high density recording. SOLUTION: The magnetic recording medium has at least two magnetic 
layers and a nonmagnetic intermediate layer held between the magnetic layers. A first magnetic 
layer at a side nearer than the nonmagnetic intermediate layer to a substrate is constituted of an 
alloy film which is consisting of Co, Pt and Cr as alloy components and further Pt content is 3 
at.% to 9 at%. A second magnetic layer at a side farther than the nonmagnetic intermediate layer 
to the substrate is constituted of an alloy film which contains Pt, Cr and B and is consisting 
essentially of Co. Magnetization directions of the first magnetic layer and the second magnetic 
layer are in antiparallel to each other in a state where no applied magnetic field exists. 
Accordingly the magnetic recording medium of this invention has an effect to reduce the medium 
noise while maintaining thermal stability of recording bits in comparison with conventional 
magnetic recording media. By using the magnetic recording medium of this invention, a magnetic 
storage device which can record/reproduce high density information and has high reliability can 
be provided. 
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72Q6A 


3.3 


16.0 


4.53 


348 


-47 


50,3 


243 




7208A 


3.3 


13,0 


3.50 


326 


-46 


51.0 


247 




5503A 


3.8 


14.5 


3,82 


337 


-34 


50,7 


2b 1 




5504A 


2.7 


14.5 


4.32 


324 


-65 


49,4 


24,5 


Co-IBaf^iCf-Sattr't 


5507A 


3.3 


14.5 


412 


334 


-46 


50.4 


24,9 




5506A 


3.3 


16.0 


4.5G 


.345 


-47 


49,8 


24,5 




5508A 


3.3 


13.0 


3.60 


325 


-46 


50,7 


25,0 




6203A 


5.0 


14.b 


3,78 


297 


-34 


51.7 


23.1 




6 204 A 


3.0 


14.5 


4,43 


308 


-GO 


50,6 


23,0 


Co-«)iitXCr-2at«Pt 


6 206 A 


4.0 


16.0 


4.77 


305 


-47 


49,7 


22.9 




6207A 


4.0 


14.5 


4,33 


298 


-44 


iiO.5 


23,2 




6 208 A 


4.0 


13.0 


3,83 


2B8 


-43 


MS 


23.3 




6303A 


b.O 


14.5 


3.31 


336 


-18 


52.0 


23.2 




6304A 


3.0 


14.5 


4,21 


319 


-64 


51,4 


23.1 


Co-16alXCr-10at%Pt 


630SA 


4.0 


16.0 


4.9A 


337 


-41 


49,8 


23.3 




630 /A 


4.0 


14.5 


3.80 


335 


-40 


50.7 


23.3 




6308A 


4.0 


13.0 


3,32 


328 


-42 


51.7 


23.3 




6403A 


5.0 


14.5 


3,95 


337 


-41 


51,4 


23.2 




6404A 


3,0 


14.5 


4.40 


324 


-70 


49,5 


23.1 


Co-19at«Cr-1?at%Pt 


6406A 


4.0 


16.0 


4.30 


350 


-56 


49,8 


23.1 




6407A 


4.0 


14.5 


4,12 


335 


55 


50.5 


23.1 




6408A 1 


4.0 


13.0 


3.60 1 


330 


-54 


51.3 


23.2 J 



[ 0 0 0 8 ] ^ 2 i^zmmm 2 mmi^i 3 i,zmm i rzm 

^ CO^ yrMZ-^ V iij^ L fzimMcr^ S mf 

/Simt/^'Slf/Nd^BrttC^tTTn yhLfzt^^^ 

miimic^M'\^m(7Mmzi^^-fmmmTh-^tz:^\ 
su/NdimicoM'iiMcommz^^ < i^^ti ^ t 
^--)fz. micom'\tm(^'im^hmi'^^ti^zx^ . co 
-cr-pt^^mcopt-'^^m^ s 1 f / N d (^zmw t t v ^ i> ^ 

3 tCiSi^cO^#ctC^V^T S lf/Nd^Co-Cr-Pt^#M^OP 

t^^mzMLxru >y b txm 1 1 (>z^i-o ^<^m 

nt!^mzi:->xsu/nmm\.zmm^Ai;i^^ 

t . Pt-^f *?&^'3at%-9at%c7)%^tCC7);^]S V ^ S 1 f / Nd 
m%^fiX\-^t:ibt^ht^-^fz. 

<mmm3>m2<m'm\^m\^' t tTCo-i6at%cr- 

14at%Pt-10at%B-^^Ji ("f yr;I/#-^4401B-4409B) . 



h h \ ^JiCo-20at%Cr-14at%Pt-6atB^#)l ( -^VriVm 

-^66oiA-6604A) ^fmLfzm--\i}Ltimm\i tnt 
m^xmmm<mmim i tz . m\<7m\m\'imfn ' 

ItALtmmm l t |5l tCo-19at%Cr-6at%Pt^#^^ffM 

t fz . MBMB {ziinhyyr\L~^~{zXh Mmn . 
m2^7)attiit::Co-16at%Cr-14at%Pt-10at%B'^^M^fflV^ 
fz^^^^^zmWC . Co-20at%Cr-14at%Pt-6at%B'^^M^ 

m^fzi^^^i^zmwctLfz. 

' mm±.mmmi t n tmmf^mf^m^i^xi^ 

mLtzm%t3mi^Xmi(^m'\m^Co-16ailCr-12ailP 
t-8at%B^#M. M2C0m!\iM ^ Co-16at7oCr-14at%Pt-10a 
tX^^^^mtlfz^^^ (^^y771/#-^4001B-4009B) . 
&t/^'mii7)EttM^Co-18aUCr-12am-8aUB-^^JIi. 
m2COm/m^Co-20at%Cr-14&t%?t-eam^^mt Lfz 
(^fyr;^#-^501A-6504A) ^mm4bLfz. 

[0009] 

[1^3] 



(7) ^2 003-16624 (P2003-16624A) 



^3 







tmag1 
(nm) 


tm3g2 
(nm) 


Brt 
(T-nm) 


Her 
(kA/m) 


Hex 
(kA/m) 


Smf/SIf 
(%) 


SIf/Nd 
(dB) 




4401 B 


3.9 


14.0 


3.89 


328 


-59 


51 .2 


?4.3 




440ZB 


3.3 


14.0 


4.26 


327 


-69 


49.8 


24.3 


Co-19at5tCt-6at%Pt 


4407 B 


2.7 


15.0 


4.30 


304 


-61 


49.;, 


24.3 




44088 


2.7 


14.0 


4.d2 


304 


-70 


49.7 


24.3 




440 9 B 


27 


13.0 


3.98 


296 


-50 


50.4 


24.2 


Co -16at»Ci^l2at!lPt-Bat%B 


400 tB 
4O02B 
40078 
4008B 
4009B 


4,6 
3.0 
3.8 
3.8 
3.8 


13.0 
13.0 
15.0 
14.0 
13.0 


3.04 
4,09 
4.13 
3.93 
3.47 


273 
280 
309 
304 
295 


-32 
-53 
-44 
43 
46 


50.4 
50.3 
48.9 
4Q.8 
51.3 


23.1 
23.6 
23.5 
23.4 
23.5 



[00 10] 



m4] 







tmag1 
(nm) 


imagZ 
(nm) 


Brt 
(T-nm) 


Her 
(kA/m) 


Hsx 
(kA/m) 


Smf/SIF 

(%) 


SIf/Nd 
(dB) 


Co-19at%Cr-6at«Pt 


6601 A 
6602A 
6603A 
6G04A 


3.9 
3.9 
3.9 

3.9 


13.2 
15.0 
16.6 
18.2 


■ 3.31 
' 3.90 
4.42 
4.39 


305 
330 
333 
332 


-61 
-63 
-63 
-57 


51.6 
50.3 
49:3 
48.9 


?4.5 
24.4 
24.4 

24.3 


Co -1 8at?iCr-1 2at%Pt-8at%B 


6501 A 
6j02A 
6b03A 
6504A 


3,9 
3.9 
3.9 
3.9 


!3.2 
15.0 
16.6 
18.2 


3.43 
3.95 
4.57 
4.92 


316 
332 
33? 
333 


-53 
-55 
-53 
-49 


51.0 
49.8 
49.1 
48.5 


23.5 
23.4 
23.3 
23.0 



[ 0 0 m mmm3Amtmi4i,zmmLrzmi¥com 

mm^i X r/mm^m'\i ^ . m 2 com'\im ^ co-i6at% 

Cr-14at%Pt-10at%B^#M t t /'C*l^^t^"Co-20at%Cr-14 
at%Pt-6at%B^#M b I fzf^^^t^Zj^nX ^ti^'tim 3 & 

■^rtt^zi5i^XKmz^mjTh6^tfmMX-^fz. ^ 
tl^jCO-^yrjUZ-^i^Xm^LfzSlf/Nd^ErUzML 
Xru y V t/'clS^^m2cO»ii^Co-16aUCr-14at% 
?t-mm^±Wc t/'cJt'^^t^to-20at^Cr-14at%Pt-6a 

m^^mt Lfz^^^z^jfnx^fi^tmi 2mfmi 

m^ZZo-V^tlZr-b^t7n'^km^^V^fz%^^(r) S If/Nd 

mmcomi^zm-fm i mmcoimmmzm 

^HbX'S lf/Nd$: f^^I±$^^:l, H b ti^X'^ fz o 



mmimifz. tztzl. Co-19at%Cr-6at%Pt^^Jl5f)^ 

^ ^ mi COm'\^Ml3Rm3 ' COmmU . 3m . Co-18at%C 
r-14am-8aO^#M^^^^|,m2i7)^ttiil5^m5' 

m.W-t^ViC^)^^()nwh' ^ 1 . 2nmtX(rMnX 7 UMz^it 
^^tXnW^^fmLfz {^fy77^#-^7106A-7n3A) . 
<J:b»J5 >Ttfiiil2^m2^ h LTMJ¥5nmC^Cr-20at% 
T i t Mi¥3nmi7)7^^#^m}a^7)Co-40at%Ru^#^ 

^ ^ cr)]\mxwM Lfzmmfm l . m\(^)m!\m\3R 

my b tTCo-22at%Cr-10am-4aO^#M^?fMt 

fzm\-\iA:Mmim\4 1 n tmrnm^xf^mM^xim 
Lfzmmmm.m\mm5>Lfz. m\(7^m\mcnm 

. 3nm. Co-18at%Cr-14at^Pt-8at%B^#M:6^ ^ ^ I. 

m2(7)m'\^mcommm.inmi,zm^ix . m^^^^n^ 
comx7im(>z^^t^^xmi^m^uz {^yyjv 

[00 12] 
[1^5] 
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^5 





#^ 


tRiJ 
Cnm) 


Brt 
CT-nm) 


Mcr 
(kA/m) 


Hex 

(kA/m) 


Smf/Slf 

(S) 


SIf/Nd 
(dB) 




7 108 A 


0.0 


8.39 


281 


49 


35,5 


22.2 




7 109 A 


0.2 


8.30 


290 


48 


36.3 


22,2 


Co-19at%Ci~6at54Pt 


7nOA 


0.4 


3.61 


348 


-75 


50,4 


24,3 


7 106 A 


0.5 


3,58 


355 


-71 


50.0 


24.6 




/111A 


0.6 


3.57 


344 


-11 


50.8 


24.6 




/112A 


0.8 


3.89 


342 


-8 


48.1 


24.7 




7113A 


1.2 


6.86 


308 


4 


42,7 


22.8 




70O8A 


0.0 


8.71 


295 


26 


39.1 


22,1 




7009A 


0.2 


8,59 


305 


?4 


39,7 


22.2 


Co -22at?4Cr-10at»!>t-4at%a 


701 OA 


0.4 


3.96 


347 


-28 


49,3 


23,4 


7O06A 


05 


3,89 


344 


-30 


49,3 


23.1 




7011 A 


06 


3.97 


336 


-27 


49.3 


23.4 




701 2A 


0.8 


4./7 


326 


-8 


49,1 


23,4 




701 3A 


1.2 


^09 


30; 


2 


43,0 


22.5 



mm^'^^i>zi5\^x4m^^mmmA.fz2-^co 
mmmitij\^ti^m^zK^m'm<. im^^m 
mcommtKum3m'^.9m<7)m^i>zmexti^ncom^^ 
t^t^-i^. mum^'^vii,zi5\.^xim^^mm^mA. 

rz2-^com!\iMcomitif\^t^Kmz^mjTh h t tm 

^flh o ^^\,Z^5 {Z^LfzS\d/ S Umf S If /Nd^ 

im]^^Tm(7mm^ni,znLxru^y v Ltz'i^^^^ 
fi^tmi em/mi i^z^^-t. mie^z^.Lfz'jfmm 
sraf / s 1 imm\^^Tm ^ w^A.fz 2 --j(7:>m\m(7:>m.i\L 
i^m^:s^^zK^'i^bt^:tim\^^Tm(7^mmy^na)m 

HO . 3nm— 0 . 9nmtC iiV^X±t^t^\^^^^Lfz. Brt ^^'fST 

mimwi3Mmm^fifz^^^.b^x.hfih. ^^^is^ 
t m.m 5 i^ztm LtzumzmLxn m.^ 
xh-^fzo mi 7iiz^^Lfzs\i/nd\^zmLxhim\^ 

LfztK mmmA i^ztmLfz%^(r)i%^^\,z^amm^i: 

<^^\.z\mmmA bmm5\,ztmLfzm^<^s\i/ 



l\<z^^Lfzi.o^mi t^^'[4JitO$M(c J: o X S If/N 

mm<mi\L-nm^m^zu.T^xhtm^^zmhfi 

<«M5 >TMl2^m2' h tTMi¥5nmCOCr-15at% 
Ti-^^M (^fyr;^#-^5403A-5409A) . hh\^\tm- 
10nmC7)Cr-15ami-3at%B'^^M ('9-yr;l/#-^904A-6 

907A) ^i(^m^fzw^tmmm\\m^wmMS 



mm-x 

\z^-f. 



liftmagl %2(rm^m(nWM-t'^^i2\t^ 6 



'^l^mvmSlt t tTMi?5nmi7)Cr-20at% 

^ ^ (^)]\mXWM Lfzm^B. { y 77^#-^3304A— 3307 
A) . MJ¥5nm^/)Cr-15ami^#Mh^)¥3nmi^Co-16aaM 

o^#M^ ^ (^m^xWMLfzmM {^yr)vm^m^k 

A^6807A) m^uzmmmmmmi tnmm^ 
m^^^x'^Lfzmmmmmmme 1 1 

tz. 

[0014] 
[^6] 
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^6 







tmagi 
(nm) 


tmag2 
(nm) 


Brt 
(T-nm) 


He, 
(LA/rtl) 


Hex 
(kA/,n) 


Smf/SIf 

i%) 


SIf/Nd 
(dy} 


Cr-15at%Ti 


5403A 
5404A 
5406A 
5407A 
5408A 
5409A 


5.0 
3.0 
4.0 
4.0 
4.0 
4.0 


14.5 
14.5 
16.0 
14.5 
)3.0 
11.5 


3.5b 
4.53 
4,44 
3.78 
3,44 
3.21 


345 
3?5 
347 
339 
3?8 
313 


-40 

-65 
-53 
-54 
-53 
-b3 


51.9 
49.9 
48.9 
50.8 
49.5 
50.0 


24.1 
24,1 
23,9 
24.2 
24,4 
24.7 


Ci-15attTi-3at»B 


6904A 
6 905 A 
6 906 A 
6907A 


4.0 
4.0 
4.0 
4.0 


13.5 
16.5 
18.0 
20.0 


3.51 
4.33 
4,99 
5.69 


309 
335 
335 
335 


-66 
-60 

-62 
-62 


52.5 
0O6 
48.6 
472 


25,2 
25,0 
24.8 
24,6 


Co-40at54Ru / Cr-20at%Ti 


3304A 
3305A 
3306A 
330 7A 


4.3 
4.3 
4.3 
4.3 


13.6 
16.7 
18.4 
20.4 


2,23 
3.04 
3.G9 
4.42 


307 
335 
344 
343 


-26 
-26 
-27 
-26 


54,4 
51.3 
49.4 
48.3 


23.0 
23.3 
?.3.0 
P.3.0 


Cr-1Gat»Mo/Cr-15atXTi 


6704A 
6/05A 
6/06A 
6707A 


4,0 
4.0 
4,0 
40 


13.5 
16.5 
18.0 
?0.0 


Z.?5 
3,42 
3,76 
4,49 


318 
342 
348 
346 


-24 
-25 
-26 
-27 


54.2 
51.1 
49.2 
47.1 


?3.1 
23,1 
23.0 
22-7 


Cr 


6804A 
6805A 
6806A 

esoTA 


4.0 
4.0 
4.0 
4.0 


13.5 
16.5 
18.0 
20.0 


3,15 
4.01 
4.51 
5.41 


319 
331 
336 
338 


-17 
21 
17 
20 


53.1 
50.1 
48.3 
49,0 


22,7 
22,5 
22.8 
22.5 



^Ufmmm^^mzi5\^xmHz^Tifxht <r t 
tmMX'^fz. ifi^co-^yrMz-y^^xm^Uzsu 

sif/Ndcoimirfmcommzx-oxMu^s^mfm 

mm 1 com^x o /J^$ < . ^^mmmwmm^ti^j: 

s \f/Ndcoimi±Mmmm i com^x 
ii^^^mco^^^ x^^^<^m^-t^coi^z^mx%-^ 

fz. 

<MM¥\6>i^~ Ymwm/W b tTMi?30nmi/)Cr-30 
at%Cr-10at&^#M^?fMt/'cli[^h(i:±iBIIMM 1 t 

ntmmm:(f^mm-xmmmmm^mLx. ^ 
■ li^^myrMzmLxmmmmi bimmm^^m 

-ftb. Siirf/Sim^2%/jN$<. Slf/N<mm3d 

M^^t-->fz. mm^m\,zx^ifmm\,ztmmyr 
Mz-)\^xmmmm.^mm^fzb:ih. ^-^sm 
mim<n{\\.Qi)uwm^^fifztK ±Mmmmi\.ztt 
mmyr)Vb^mLxmmm^-9<mmm<u 

\^mmt^->fz. htmrnrn i i^ztimmi-v<x^±m^ 

ly-YMb LXfmLfzi^^^l^zitKXim-^mm^iy- 

Ym^z^\~^fz%^^^z\i^mmm^m^^ < ^ o . m 
b-vmmc^mzi^-Ymb Lxm-i^^^m^fmL. 



m^^^mh(^\,zntL\\ i^-Ym\mmvb 
^Lfzm\t±Mmmmibnt^m:\ ttzim¥ 
ibnm^^xmmmmmimLrz. Ni-35at% 

Ta-^^H. mMi-A0at%1a^^±m^i^-}^mi,zm^^fz^ 

^tcov^Ta. i]m^i^zmAtiu^^'xco}±M^^ti 

mi APaioXm.lPabLfzb^(,ZS\f/N dfj^^MA b 
t^h . m^co^^-'^I^Z S\f/Ndt-^M±b^^^U''^^' 

x^co^mzioix. mi(om'\im(7)^^mmm^ 
ixmmi^mtxmmmmm^Ltzbz^. ± 
tmmmi b\^mi^z^mmmmm^x'^fz. 
<mmm i >%mz}L%t(rM\m\\--^y\z%tm(^mmm 
wmvc. imMmmmmmthwrnumb. is 
um^b'^^m-i^t^hm.w^-y Ymb . %m%^-^ y 
^^mmtm%mzn ^^xmnm^^^h #15194 b . 

Y ^C7)ft-^x^#l5 b IMM^ H f)' h (7) ^ 

mm^'n^mofzmmm^it^mmm^sb^ 
^^tm^T^x^m.mmv^i^z^'fx 0 ^zm^Ltz. 

YbWEMmmmimjm^^v Ym^^^-^ 
m^^vYxht. mttmm'^^vY\t^A)vm^m 
immmmm b ymmmmm Ymmt- 
^>=5rD. tmw^<^^^^vrmmt(i.Ufj.mbLtz. 
mm^^^v Y\mmssi^yr^5b^<m^<nn. 
w^^-ymt^i^-^j:^. mm^^y^itymmm 

®*±ii ~)V Y )i204 b fUi^~)V Y ii207T-j^ t fl . 

t%iy~)v Ymmmm. 09 mxht. miuzmmm 

^y^(r)mM'mB.^^'f . lliBII^J^640kBPI (bitperi 
nch). b7>y^^JK55kTPI (trackperinch) a)%.WXM 

%^^y Ybm!mmmb<mmfix^-i;y^^23imb 
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t.fz. mm^m^-;Y(m%mL^y^^mMM. 
mm Y y^-}v^-^wm^ hfz^\,z-y\-^x i>*^0j 

[0 0 16] 

^x\wmym\mmt^m(nmd^-^w^hh . 
mmxhh. 

[132] im^mmmm.m^'mhtz^<m'^^ 
mwr^-m^^mmxh t . 
[133] im^nmmmmmm^Lxn^fifzmt 

m!mt-C:>mH'\z^mLxm^m,^r- (Hex) mfm2cr) 
m\m<^\m-n (Her) ^^.^tiim^^^mxhh. 
{ [114 ] ifmmmmmmmm'^Lxn^.fifzm.WL 
mm-mmitm^coVi'Kmti-^it^'^m^ (Hex) ^ 

V^m2a:>Wm<^Um-n (Her) $:^i6l.:^$:^'ri3T' 

[1215] ifmmmm\ i . j:b»j i . mj^\mm2i^z 
tm t fzmMmm\i^(^^Tt t ^cra)m\m^^mxh 

[me] i^mmmmm i . jrk^M i . m)mm2\>z 

mxhh. 

[1217] i^^^^(^mm\ 1 . j:b»j 1 . imimim^z 
xht. 

[138] if^m<^mmm2m}mm3\,ztmLfzm^ 
tmm^<mrtb^cr<mm^'fmxhh. 
[139] i^m^(^mmm2m^mm3^ztmLfzm^ 
tmmii^(mrtb s^d/s\i(mm^^mxhh. 

[1310] «0JcollWJ2^t;fJtM3t;:iemt:^^aM 

tmmw^<mrtb su/Nmmm^^mxhh. 

mm t^mmmm\ 2 mfimm 3 t^iam t /-^^^ 

#Mi7)Pt^«>: sif/Ndi7)r4f^^7j^-ti2ir^^i)o 
[ 11112 ] ifmmmmi 3 mmmA i^ztm Lfzm% 

tmmWmX\ m 2 c7)«ii?&-'Co-16at%Cr-14at%Pt-l 



[1313] ifm^(7)mmm3mmmA\.ztmLfzm. 

mmi¥(7^^X\ ^2 c7)EttJi3&^'Co-20at%Cr-14at%Pt-6 

atB-^^^T-m $ fir V ^ I, %mz-^\ ^TBrt t S 1 f /N 

dc7)r^f^^^-tl2lT-^t)l.: 

[ 12114 ] i^mnc^mmimmimm 5 {ztimLfzm% 

xhh. 

[ 12115 ] i^^crmmA mMtm 5 i^ztmitzm^ 
mmm)im'\^^mmmM t ru > \{ex(7)mm^^^m 

[ 12116 ] :^mmmm4Auimm 5 i^zmm uzmM 
mmmim\i^mmmmtMt smf/sifcow^^ 

7Kt-i2ir^i>. 

[12117] :^mM<7)mmm4mi:mm5i^zt^mLfzmm 
^i-mxh^o 

[1318] :^m(7)mmm5mitm\6^zMmuzmM. 
^mmi^<7)Brtb su/mcomm^-trnxht. 
[1319] :^m(7)mM.t^^U(o-^\^^i-mimxh 
1.0 

[1320] *^0JT'fflV^:^caMA..y h'coMcO-^J^^t- 

m^mxh^. 

[12121] :^^0^T-fflV^}^ca«til-fey'9-cO-M^^« 

ffi^}tl2ir^i>. 
[^-^^01)^0^] 
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